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1. Gyro Development

It 1945 the Soviets acquired from the SIEMENS Works ir BERLIN five
samples of a gyro which represernted the last word i Germern developmert.
They also at this time acquired Bruro GOLECKI, who had worked or the cortrol
mecharism of the V-2, and was very much au fait with currert gyro work.

Ir 1947 GOLECKI was put to work ir OKB II in a separate departmert of
which he had ocomplete charge. He had or his steff mary Soviet engiteers.
The five gyros liberated ir 1945 were at the departmert's disposal for
further developmett.

Betweer 1948 and 1950 GOLECKI took part ic mary flight tests of gyros

wher. he was teken off gyro 25X1

developmert in 1950, they had a gocd gyro for speeds up to 400 km, per
hour.  GOLECKI had ru doubt that ir 1951 the Soviets would be in
possession of a gyro capable of operatiorn at 600 km. per bhour. It is likely
that GOLECKI received his STALIN Prize as a consequerce of his gyro wurk.

2. Detailed Explaration of the Guidance System

25X1
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Lblage
(deviatior)

B

S

K:T+B

Leitstrahl
(beam)

Na max
Ne max echo
N, max

effective reflecting surface of target :I.r;vm2
deviation angle. The angle formed by the lire
oonrecting the mother airoraft ard the missile with
the beam (O & 900) '

shortest distarce betweer the missile and the beam.

bard width

phase of the deviation angle. .nrgle car be between

o° ard 360°

speed of light

phase of deviation an'gl'e from target. Argle car.'be.
between. (° ard 360°

.
™

4

(—:'DZ%YZ_ = effective reception surface of aerial B ir m?
4 .

amplificatior of the aerial 4 ir the main reception

effective receptior surfaee of aerial . ic m?

direction

amplification of the aerial B ir the mair reception
directiorn L
deviatior from target. The argle betweer the axis of the
missile ( = symmetry axis of the B receptior mirror) ard
the target direction { '« 90°)

amplification of the transmissior aerial ir the main beam

dircction

BOLTZM/ANN' 3 constant v
roise output trarsmitted to a matched load (JOHNSON noise);

T being the absoluto temperature of the roiss source. O:her

symbols sce above
straight lire botweer mother aircraft ard target

maximum output passed on the /. side to the wave guide
sigral strength per m? reaching aerial B ’
maximum sigral power per m received on side 4

roise output of receiver B with referencs to ﬁhe irput erd
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Hu' L. trana@iseion output of the , tracemitter oz the mother
B} : aircraft ic tma main beam diroot:lon
‘Ng - ’ - beam poweg.roqohing ‘the target per.m2
. e . ° ‘ - ‘ ~ E . . . ‘ ~. . . .v .
?lateral position) - angle betweer longitiudiral axis of missile, or a

pa.rallel of thisam, u;d the beam duricg the first
part of the flight. T -

.During tho aeoond part of the ﬂight thie ugle dorres-
. por.ds %o the target daviatxor. angle N

o ; - distarce betveen the missilé ard the t&rget

R ‘ T - d:\.sta.nce betweer the mther airoraft and the target
Sohrfglage =~ a.ngle of the lorgitudinal axn of the missile with

(slartirg or - B

diagonal T refereme to the normnl poaition. The bormal position

poaition) . e

: of a nnss:.le is wher the 1line betweer the poirzta of the
wu:gs i.6. the ‘lateral axis, is horinontal.

Strahlungsksule
" Empfargskeule - -
(lobe of radiation. power of a. dipole arrar.gemert at rest, d.epending or the
or reception) ' :

dlstribution of the tracamitted or received radiatiorn

. angle L=
Symmetrieachse - = axis rourd which the radiatior. lobe of the d:lpole
des Anternen- -
-splegels (symmetry rotates
axis of aerial :
mirror) ‘
T - absolute texﬁperature .
Ty I .= differerce ic travelling time betwaer: 13\1159‘ A ard pulse
_ - B (direct ard ‘echo pulse).
Zielrichtung . - .'direct lire connecting the certre of gravity of the

(target direction) -
. . miasile with the ta.rget

(iii) Method

| | There is no doubt that KUKSENKC ard BERIA, k_JJ
\ were very impressed by the flyirg bomb
which was developed during the war by an lmericar firm ard was used successfully
by the U.S.A. | | The siory of the developmert,
constructlor ard application of this. weapor was, as is well-known, desoribed

ir ar Americqn teohnical magagine shortly after the erd of tho war. The flying ewm.

bomb had ro motor, ard, ts range was something
like ten idlomefres. The bomb differed from the missile deacribed here by having
a magnetror homing devioce. .

The Russiac plan aimuci tly, at iroreasing the range of this missile ard,
secordly, at mtaliilg de whioh would make possible the aiming of the
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weapor: at irdividual importart targets ir a fleet. They hoped that the
pre-selestion of suoh ar importact irdividual target could best be
effected by & beam radiatior from a carrier airoraft equipped with a
flexible Wigh powey redar installatior. This prirciple made the
magretror homing device ir the missile redundart, ard created the
opportucity for a smallér and lighter electrical steering urit it the

- missile. Ths more expersive parts of the system were, therefore,
trarsferred to' the mother aircraft which ocould be used agair ard agair,

- while the bomb was used orly once.

- .. Thi¥ i ote of the advartages of the system choser by the Russiars.
Its mair disndvactage is probably the fact that the guidirg of the missile
by the mother airoraft had to be cortigued urtil the missile hit the
"target, If, for instarce, the mother aircraft should become itvolved ir
a fight with the ecnemy defence forces, the remote control of the missile
could pecome ocut off, :

This method was developed for oocasions wher the eremy would rot take
*ary extra memsures of icterferernce with the remote coptrol. A very
reliable gating device makes the remote cortrol mechanism insensitive to
certair kirds of irterfererce.

Oce must remcmber here that the above-merntiored Americar weapor was
developed ard used agairst ar-enemy who was very weak in radio deferoe
for these (particular) wavelergths, The success of the Russiar missile-
described here agrinst an eremy egripped with specicl radio irterfererce -
devices, whether a fleet detachmert or ar irdividual vessel, may be
doubtﬁllc .

Arother disedverntage of this system is that a mother aircraft with a
radar detector could be spotted by ar enemy fleet or irdividual ship at a
mich greater distarce thar. the aircraft could locate the ship. There is,
however, as-ir the case of many wespors, still the possibility of a
surprise attack or an attack against a weak eremy. ‘

The method of obtairirg error voltages or the A ard B side of the
missile is similar to the method frequently used ir radar for automatic
follow. It is a matter of irteres’ ir this case that, in order to achieve °
the rotatior of radiatior lobes, .z, the reception lobe of aerial B with
75 c/s, orly the dipole of the aerial, ard rot the aerial mirror, moves
correspordirgly ir a 75 ¢/s. rotatior.

~ Ls is well-krowr, the time differertial coefficierts of the first ard
the secord order of the time furction of the deviation acgle are required’
as damping parameters for the steering of the missilc. \

/

25X1
ﬁl‘?/

-
guiding values which correspord to the differertial coefficiert, as well
as the direct currents would ther be transmitted to the autopilot.

Arother proposal of the Russiar dirsctors of development aimed at an
electrical formation of the time differential coefficiects of the lateral
positior argles tou, and at their use in the autopilot for the damping of
the later swing, Therefore a special receiver, the so-~-called "differectial
unit" was provided or the . side for the purpose of firat creatirg a
voltage correspordirg to the lateral positiorn, ard then differectiating it.

The people whe developed the autopilot igrored all these dampirng
values obtained electrically, for as a result of the techrical usage ir
Germary which was familier to them, it was simpler for them to obtairn
these parameters ir {he autopilot by cther mears.

Dévelopmen‘t work or the "differertinl urit" was therefore stopped
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{See "The Orgarisatior of the Laboratories-acd the Progress of the
Task" ard Diagrams 6 ard 7.)

(iv) Theoretical Prirciples

* With the exceptior of the autupilot, the theoretical prirciples of
the steerirg device of the missile ars the same as for the developmert
of radar equipment ir the 3 cm. band.

The comprehersive stardard works irn this field were, also of
course for the Russiar ergireers, the publications of the Massachusetts
~ Institute of Techrology "Radiatior Laboratory Series® Volume 1 to 28,

" ard articles ir the relevant techricel literature, e.g. Proc.IRE,
Electrorics, Electrical Erngircerirg, Wireless World, etc. Therefore,
Please refer to the relevant sources for the theoretical prirceiples
underlyirg the corstruction of the various urits. :

It es far as the methods used for some urits may be less familiar®
to ar electron crngineer, e.g. the 'methods i the gating urcit or in the
.phase commutator. these are described i somewhat greater deteil ir the
various Sectiors, A complicated urit, such as the A receiver, ls also
corsidered irn greater detail. However, it would be fourd useful, if
sume calculations about the propagetior ard reflection of electro-~
magretic waves were giver more fully, even if they are familiar, in
order to demornstrate the mein properties required from the
installatior.  E.G., it was mertiored in "Method" that the relatively
great range ir which the missile is supposed to operate presupposes
a maximum sensitivity of the echo receiver.

The power ratio or side . is as follows:
Trarsmissior power Ng = 50+ 10°W (emissior),

Distance betwecn mother aircraft ard target R = 105m,

implicatior: of the transmitter aerial ir the main radiatior beam
directior .
Gg—= 1 000,

Receptior power N max/mR = Ng<Gg = _50 103103 = be10~4/m2
' L R2. 12-10 '
hmplificatior. of the i aerial Ga= 40
Effective receptio!; surface F, = Gp* AZ = 3+1077m?
: ) Le WY
Receptior: power o the A side, transmitted to the wave guide, is
- Ny max ard therefore B

N. max = Ns°Gs*Gq A.f =2 '10’6V;'
St L) 2R

If the corversion loss of the mixer is assumed to be 10db which
correspords to a coefficient of 10 ir the performancé/output, a power
of 0.12.10°6W is obtaired at the irput end of the 200 Ohm cable of the
L receiver. This amount of power at the grid of the first valve of
the /. receiver car ornly be expected if the mair radiatior directior of
the transmissior lobe poirts straight at aerial A, It was assumed that
for very considerable deviation argles the receptior field strergth was
-reduced to % of the maximum field strength, i.e. one twentieth. That
would amourt to ornc four-hirdredth of the maximum power, i.e. in

cases of considerable deviation a power of only 3-10~10§ car be counted
upon, the distance betweer the mother aircraft and the target being

R = 10’m. Therefcre the voltage at the 200 Ohm cable of the A receiver
is 2504V, i.e. a voltage which does rot put any special strair or the
- sigral/roise ratio of the I.F. amplifier ..

[y

SECRET

Approved For Release 2008/10/16 : CIA-RDP80-00810A006500820001-2

25X1

25X1



Approved For Release 2008/10/16 : CIA-RDP80-00810A006500820001-2

SECRET

rd

The power retio or side B of the electrioal steering mecharism is
caloulatod as follows:

Emitted power of the trarsmitter or the mother aircraft Ng = 50-103W
Distanoe betwaer mother airoraft ard target R = 105m
Distecce betweer missile arnd target r = 3+104m (maximum) ‘
'Ampli.fioation of the transmissior aerial ir the mair radiation direction
. Gg =1 000 -
th:zm hit"bit.:g the target, per m° }iz = NaeGs
Taim oo ‘oross seotion L, dverage for destroyers 1dnn2‘
' " " battleships 105m?
: Reoaptiqn power reaching the B aerial N, max echa/m2
¥, nuxapho -é_'!s_g_ & NG W
Y 4 (‘*T? ). Re.rt
Amplifioation of the roomm nerm Gp = 600
herial receptior cross secticn B R = 'Gb"Lz n?
' : 1 4

irarsmitted to the wave guide of aerial B is
GgGp A 2 Watt

Mr) TR

If we assume that A = 10’*1:2 (destroyer), the approximate N max echo

Therefore the echy ;
Ne max echo &

would be 16-10~12¥att, all other values being the same.

In gererel reither the summetry axis of the transmitter mirror of
the motho# aircraft ror the symmetry axis of the B reception mirror of
the missile will poirt directly to the target. If we assume that each
of these flactors lowers the received pulse power through scarcirg by
106 of the meximym, the mirimum received pulsg power would bed‘% of the
previously calculated maximun power oF 16410°129, i.e, 16.10"

The moise output K T B for a bandwidth of B = 2 Mc/s. is
K-T*B = 8+10~15w

The total miﬂe factor of the receiver B oould be brought to 12 db, i.0.
to a power ratio of 16. Therefors the rnoise power of the receiver B in
regard to the irput end of the receiver is

N, = 16+8-10-15 v

g ,
If thds roise o'ﬁtput is compared with the prmously calculated mirimum
a -igml-ho—mise ratio of 16.10-14 = 1.25 r_emts.

16+8+10-15 :

This mtml s yalid for the smlleat pulse of the 75 o/s. modn.l ted
pulse series. °7 /e *

B ¢ m be stated once more that the calculation of ﬁd sigral-to-
coise raﬁ.o wis baséd on the followirg assumptior.s-

-
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 Distacce R . 10%m
Distarce r P 3.104m
Target echo cross section A . 10t m?

Total powor losa due to the two
o - scarcicg moesses vr.lth 30
‘. - amd 750 ’ 100;:1
_\- °

The selector urit is just about anle to operate under these
rooeption ocorditions, Therefore the above-mertiored assumed distarces
are the permissible maximm distarces for the assumed echo cross sectior.
However, the switch-over of the stesring from side . to side B is
effected orly with a considerably greater signal-to-noise ratio which
_guarar.teea re]iable steerirg of the-missile by ‘the B side.

The question of .the urcoupling of‘ the A receiver from the B receiver
ic the 3 om. range is of particular importance for the steerirg
mecharism. As mertioned previously, the mixers of both sides, A ard B,
.are fed by the same logal oscillator, 4 signal from the A mixer must
- have adequate damping during its trarsmissior. to the B mixer via the
local ospillator. If the direct pulse received by the side 4 ocould
xreach the input erd of the I.F. amplifier B with sufficient amplitude,
the selector pulse of the selector -ueit could "set" or this pulse
comirg from side 4 ard negative the locatiorn process,

., Therefore it must be specified that the direct A pulses which
reach the irput ernd of the I.F. amplifier B ir the morrer described
dhould disappear ir the noise of the B recsiver,

is stated before during the consideratior. of the power ratio on
side B, the noise output of the B receiver in regard tq the input erd
of the receiver is Ng = 16-8-10-15 Watt. is mertioued during the
consideratiorn of the power ratio of side 4, the maximum reception power
of the 4 receiver at a distance of 100 km, from the. mther aircraft is
Ny max = 1.2-10-6 Watt. Steering of the missile carn start at a
distance of about 2 km. from the mother aircraft., The receptiorn power
of the A side at that distance is about 3. «10~3 Wat+ The ratio of the
two factors under consideration is therefore 3- 10"3 = 2. 35-1010

16+8+10~

which correspords to a demping requ:u'emert of about.lO4db. This
specification must be regarded as a minimum, Arother cordition is that
the direct 3 cm. A pulse comirg from side /4 should suffer a corversiorn
_loss of rot less thz*r 10db in the B m.xxer.

(v) 4herials
(8) 4 _serial

As stated before that A serial lobe should have a large half-
power width ard also guarantee reception which is deperdent of “hc
polarisation of the received radiation. The cmplificatior of the &
aerial is not quite as importart as that of the B ‘aerial, ffter
several experiments a horn with an aperture of 16-18 cm. in diamcter
proved the best solutior. The amplificatior was about 40, 'ard the
half-power width about + 15°. The fluctuationr ir the ampllficatlor.
of the aerial was rot more thar # 5%, deper:d'* r.g ot the direetiorn of
polarisation. :

As already stated the ! aerial must be ad ustable.. More details
are glver later. For the sake of adjustability the aerial was
corrected to 2 flex:.ble silver-‘plat%d wave guidi.

v
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. (0) pderia , -

©_ 'The task.of the B zerial is to receive the pulses from the

.. mother alroraft as reflected by the target, - The requiremect was
-a meximm possible gain which was limited mainly by the fixed

. The receiver Iobe of the B sérial muit- ratate with a frequercy
of 75 o/s. for the sosmring progess on the B side, 'The receiver .
lobe has a half-power width of about £ 20 ard forms an angle of
- about 2 to 3°- with the symietry axis of tha aerial mirror.. The
recelver lobe is rotated by means of rotatitig the dipole of the B
- aerial, The reception c? the aerial aotuslly depends o the -
polarisatior, but the preo-aeleoted targets reflest ic an :
. .- tnpolarised mertery- With an asrial mirror diameter of about 45 cm
.€ gaid of 600 oould be achieved. R

. 'The design of the mirror and the totating dipole, as well as
the: ling of the wave guide with a rectangular cross section to
the mndrical wave guide of the aerial is shown in Diagram 9.

. This diagram also. shows the ‘mechanios of the dipole drive by means s

- of ‘2 motor generator. N D : .

. The aerials desoribed here were designed and tested meirly by
Serge LISITSIN, a Russian colleague, - Later aerial development was
taken pway from Department I (Eleotrioal Steering Section), and

. from that bime orwerds carried out by a Russiec developmert section -
(See Orgacisstion Scheme, Diagram 7). - S ,

- (vi) Wave Guides

. Wave guides, as well as mixers and aerials ir the ectire electrieal
‘steering imstallatior, were made of sheet. brass ard were ailver-plated
and hard-soldered, o :

The Russian standard sised wave déa_ were used, Ik this
ircstallation they wers of type WR 90 /RMA Desigration) for a wave length
of. about 3.16 om. The dimersions are showr in Diagram 10,

. Plexible silver-plated wave guides were used for ocorrecting the
adjustable A aerial, and also as short connecting joints betweer parts
of the installation. - o : ©

_ Both the rigid ard the flexible wave guides had the parameters
quoted for this type in the Anglo Saxon techmical literature. Stardard
. flangea too, wers used for conrnecting wave guides to each other, '

Ir order to avoid the brrnirng out of the orystal ir the A mixer
- shortly after the release of the missile from the mother airoraft the
wave guide o this mixer was provided with atteruation links which were
automatically released after a certain ‘flying time, by a small motor.
The form of the atteruation links is shown or Diogram 14, They
consisted of strips of Novotex covered with grephite,

Provision was made for proteoting the wave.guide system from
moisture,

f(vii) Mixor

The mixers ot both sides, A ard B, of the electrioal steering
device were in the form of simple differerntial mixers with a magic T
(Magic T Balanced Mixer). This type of mixer was chosen, as is usual in
such cases, because of the high requirements. of the B echo receiver.

. This type of mixer, as is well-krowr, eliminates for all practical
purposes the influecce of the noise of the local oscillator or the rwise
of the rocedver as a whole. Besides, if a pair of crystals with as equal
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properties as possible (equal conversior loas, roise tén:perattxre acd
. impedance at 3 cm) is used, the contribution of this two-crystal mixer
" .to the total noise is no .greater thar that of a single orystel mixer,

. Russian silicor crystals were available for the imstellation. Ir
order to utilise the advartages of a balanced mixer two orystals with
almost equal properties were chosorh for each mixer. Such a selection
was possible amorg the Russiar crystals without too mary difficulties.

. The ooupling of the 3 om, sigral, the local oscillator ard the.
icput ends of the I.F. amplifiers to the 4 ard B mixers did not differ
from the detailed descriptions of this arrangement fourd ip techrical
‘Literature, The development engireers derived, the most important
irnformatior about mixer problems from FOUND's "Microwave Mixers" in .
the "Radiation Laboratory Series" of the Massachusetts Institute of
Techrology (Volume 16). Chapter 6 of this volume describes the mixepe
used in the stecrirg device in detail, iy

. A

- (viii) Looal Oscillator

25X1

/

~As stated prcviously, tiqe local oscillator had to feed two mixers,
A and B, through a magic T. '

Sectior "Receiver A" describes how the Klystron receives its
regulating voltage for the automatic frequercy adjustment. The range of
cortrol could be brought to the figure of * 40 Mc/s.which was considered
adequate for adjustment to the frequency of the magnetron transmitter on

. the mother aircraf.

The power supply urit suppiied to the reflex klystror in the local
oscillator regulated operating voltages for the arode and the repeller
electrodes.

(ix) Automstic Frequency Regulatior

The regulating voltage for the automatic frequency adjustment of
the klystron local oscillator is supplied by a didde transitror circuit
ir the A receiver. It trarcspired that the circui® described by
R. V. FOUND and E. DURAND ir tha book "Microwave Mixers" (Sec. 7w13,
P.326) could be used almost without: modificatior, but for the sake of
completeress it is showr in Diagram 12, .

The diode trarsitron circuit s fed as usual by a discrimirator
which is also loca*ed in the A recciver ard which is described later.

The rarge withir which automatic ijequency adjustment operated was
about.* 40 Mc/s.

(x) Automatic Aerial Adjustmont

As described in "Resume of the Project", and ‘r more detail elsewhers,
it is essential to rotate the 4 serial additionally ir. accordance with the
occurring lateral or inclined sloping position arglcs, This additioral
rotation is effected rourd two axes. ohe of which coincides with the
missile's longitudinal axis ard the other is parallcl to the rudder axis.

/
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AdJustment is effected with two small motors built ir irto the
A serial, oke for each axis. These motors receive their operative
ocurrents from the autopilot ir accordance with the existirg engles,
arnd report their rotatior argles back to the autopilot through slide-
wire resisterces which are also operated by the same motors.
Telegraphic relays T rls 65 of SIEMENS and HAISKE, as dascribed later,
were used for this automatic operation.

. Tha i urial turred orly up to a certain meximum value of the
- adjustmert angle. When this maxdimum argle was reached the operating
current of the motors was switched off.,

, As far as desigr ard mechanical corstructior were concerned, the
© - A aerials ard their automatic adjustment mecharism were works of art.
. Their desigrer was O. KALBITZ, ard they were corstructed and adjusted by
~ BLESCHKE, SOHILIER and KUHFELD,

(xi) Receiver 4 ' ' ‘ -

" As mertiored in "Resume of tho Project", the receiver i had four
f‘mtioﬂB: . .

1. the creatior of the 30 ¢/s. error voltage,

2. the production of* a trigger pulse for the selector circuit,
3« - the production of a regulation voltage for the automatic

. frequercy adjustmert of the klystror local osoillator.

4.  the supply of the 30 ¢/s. reference phase.

Two of these functiorns, the production of the trigger pulse for the
salector circuit and of the regulatior voltage for the local oscillator
are required for the entire trip right up to the target. The 30 c/s.
error voltage and the 30 ¢/s. refererce voltage are required for the )
first part of the trip only. The schematic block Diagram 8 shows the
menner. in whioh the receiver A transmits to the other units the four
apove-mertioned voltages which it produces.

The i receiver unit comprises:

a four-stage 40 Mc/s I.F. amplifier with automatic
amplificatiorn regulatior, )

a demodulator for the 30 ¢/s. error woltage,

a blocking gererator, followed by a demodulator for
the time demodulatiorn-of pulses,

a discrimirator, followed by a diode transitron
circuit for automatic frequency adjustmert of
the local oscillator.

'These oomporerts are showr; 1rd1vidna11y irn the schematic Diagreun 13
of the A receiver.

As alraady described, the . mixer operates on the I.F. amplifier
of the A receiver via a concerntric cable.with a characteristic
impedarce Z = 200 Ohm, The input circuit of the /. receiver is shown
i Diagram 1. The cable ends in a transformer tured orn the secondary
side. The L.F. amplifier is constructed ir the usual way of four
equal stages, coupizd with band filters with 6AG5 valves. Later it was
to be used with 6/K5 valves. The berdwidth was B = 2 Mc/s.

The demodulator for the 30 c¢/s. error voltage started with a video
detector in the form of an anode rectifier. In order to obtain the
. 30 ¢/s. amplitude modulatiorn of the received pulse series there wans a
video amplifier, ard ther a detector which tuok off the 30 ¢/s.
modulation., The demodulator achieved an output voltage of about 1 Vere
and tracsmitted this level through the commutator stage to the
high-resistance input ernd of the phase commutators.
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"The blocking generator of the A receiver required a trigger pulse

which must be certain to sbart tha generator ever when the missile is
at a great distance from the mother aircraft, or if the modulatioc ia

at ita lowest depth. This trigger pulsé was obtained by amplifying

the video pulse from the enode detector of the demodulator for the 30 o/s.
error voltage, Ths blocking gererator emitted a regative trigger pulse,
the so-called A pulse, of 50 V to the selector ucit. The same pulse
was used to create a fixed or reference phese of 30 o/s. ir the

- demodulator for time demodulatior. The demodulator supplied a voltage

‘of about 0.4 Ve $0 the high-resistarce input erd of a 30 ofs.
. amplifier in the commitator stage which emitted two voltages in

" quadrature, This amplifier will be referred to as the ."two-phase
amplifier” from row on.

' A disoriminntor of the FOSTER-SEEIEY typé, with prec limiter,
" followed by a STRANDEERG deteotor, was connected to the 4O Mc/s.
amplifier, This discrimirator activated the usual type of diode .
transitron regulation circuit which supplied the regulating voltage
for additioral frequency adjustmert to the repeller eleotrode of the
reflex Mystron., - ' o : ‘ -

The A receiver too difflered furlamertally from BERIA's propusals.
Some details of its design are of irterest. ' .

Diagtam 15 shows the coil frame for the coils of the band filter,
the limiter oircuits end the discrimirator. These coll frames were
made of Nowotex ir the models, but in mass production a pressed/ .
stamped comporert was to be used. The coils were balanced ir the usual
 way by means of a copper pin.

. . Didagram 16 shows a bypass colleoting.conderser which was.very

useful for the desigr acd construction of I.F. amplifiers ard their

_ electrical performarce., The cordenser was built up simply with layera
of oopper foil ard mica discs as the diagram shows ‘quite clearly.

The oircuit in Diagram U} shows ar example of the epplicatior of
the conderser ir ar I.F. amplifier stage. The bypass ocordersers

¢, C2, Cs3, Cy ard Cg are combired irto a colleetive cordersers

Dlagram 17 shows a oross section of the A receiver. The receiver
frame is cast iror. O both sides of the cast iron frame double
I-shaped alumirium sheet angles are fixed., This framework is compaot
acd electrically advantageous. The valve stages of the receiver which
-are less sensitive in regard to their physical arrangement, ©.g.
demodulators and video stages, fit inside the cast frame.’

{xi1) Receiver B

As stated in "Theoretical Principles" the noise factor of -
receiver B, in cortrast to receiver A, should be as small as poasible,
The noise factor of the irnput stage of the 40 Mc/s. I.P, amplifier is
very low., This stage is made up of two 6AKS valves operated in a
triode corneotion/circuit. The first stoge has an earthed cathode, the
sgcord an earthed grid. The circuit is well-knowrn and fregquently
deseribed in techrnical. literature, e.g. in the book "Microwave
Receivers" by var VOORHIS (1948), Sec.4.13, p.l19. However, for the’
sake of completeness the circuit is shown ir Diagrem 18.

The input circuit is followed by five graded I1.F. amplifier stages
with 64G5 type valve or the Russian copy of this typd « 6 A 5. The
I.F. amplifier amplifies the I.F. pulses to the degres required for
rectification in the video rectifier. The video pulse is transmitted
to the selector, ’ : :

The overall bardwidth of the B amplifier wes B = 2 l(o/a. The time
ooratant of the automatic amplificatior regulatior was ohoser it such a
way that o regulation of the 75 ¢/s, amplitude modulatior of the pulse
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ooours. The 75 c/s. demodulatior is oarried out i the seleotor unit
after the selectior of the video pulses. No provision was made for
anti-clutter circuits in the five models of the steering device.

The oonstruction of the amplifier is shown in Diagram 19. The
space-saving, layered mioca ococdersers were uged irn receiver B too, and
made the desigr compaot ard stable. The cordersers were desoribed
previously ard are shown in Diagram 16.. ..

. . Receiver B too differed ir its electrical ard meochanical strusture
from the receiver shown in BERIA's work.

“(xi11) Slector Urit

... .1t is the task of the selector unit to select from the various
.sigrals whioh the B aerial is capable of picking up those pulses which
are enitted from the pulse transmitter of the mother aireraft amd
reflected from the choser target.. . : ' _

. The selector unit receives the B pulse ("target pulse® or "echo ,
pulse”) through the B aerial, the B mixer and the B I.P. amplifier acd
its videc ¢omporents It receives the A trigger pulse through the 4 '
receiver ard its video comporent followed by the blocking oscillator.

" The ecko pulsc which is reflected from the target has the same
pulse recurrence frequency ard the same time modulation as the direct A
pulses  The.sclector unit hes to make these two pulses _’coi,'mide.

The B piﬁse, as compared with the 4 puise, is displaced ir time
by: v o :
. Tg = 2°F
. o .
"r% being the distance of the missile from the target and "o" the apeed
-of lights. - Therafore it is necessary to displace the A pulse-in time so

LS

_ that synchrornisatior car be achieved,

- Before syochronisatior takes place $he echo pulse must be "fourd.®
For this purpose the A pulse is periodically delayed ina rhythm of
€.g. two seconds, i.e. it mugt travel up and down ir the “search area®
which can e.g. be chosen ir suwoh a way that the selection process does
kot -start until 30 lm, before the target. : .

ifter effecting ‘ayr.chronﬁat'id_n, i,e. after the B puléa is “fourd®,
the time displacement of the 4 pulse must be altered automatiocally,
‘because the distance "r" changes. R .

{4fter "finding® the B pulse the selector unit has a further task,
viz., to supply from the seleoted pulses the continuous voltage for the
automatio 'anplifi_oatiou regulation of the B I.F. amplifier. )

The ocontimwus voltage is nlso used as switching voltage for the
. Bo-called commtator switoh-over stage. Therefore, when the regulating
ooLtiruous woltage has reached a certain degree, it switches, by mears of
- this ukit, the eluctrical steering of thé missile from receiver A to
recoiver B« This switch-over ocours only wher a reliable reception by
side B, and“therefore reliable steering by receiver B, is guaranteed.

The selector ucit also effects the 75 ofs. demodulatiorn of the
sglected pulses. The 75 ¢/s. error voltage is supplied via the commutator
switoh-over stege to the irput ends of the phase commtators. -- T

- Dlagram 20 is a schematic diagram of the selector urit., The time-
delay multivibrator is started by the A pulse. The rear edge of the
pulse produced by the multivibrator starts the blocking oscillator which
produces. a so-oalled selector pulse for the "synchrorisation detector®.
The latter also ‘réceives the B pulse through a video amplifier and the
delay cable, . YSEGEET : L '
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During the search process the rear edge of the pulse from the

© time delay multivibrator is displaced in time by a sawetooth woltage

of e.g. 0.5 o/s, produced by the transitron stage._ As soon as :
synchrocisatior between the /i pulse ard the B pulse is established, -
the synchrorisation deteotor produces a contimwous voltage whioh _

-stops the saw-tooth voltage production ir the transitrorn stage,

and thorefore stops the search process, ard tracsforms the transitron

stage irto a D.C. amplifier. ‘ L

The continuous voltage now moves the rear edge of .the pulse from
the maltivibrator up in accordance with the ‘time difference Tg, and
synchrorisation takes place. Ik accordance with delay time Ty, and
the selected "regulation transformatioc”, both pulses, the : '
solector pulse I, ard the B pulse I;, délayed. by. the delay cable _
‘and tranemitted to the grid of the synchronisation deteotor, ocoincide.
The syrchronisation of the two pulses éac be arranged .as desired by
seleoting the right values of the transmission time cable,

Diagrams 21, a abd b, show two pulse poaitions. Diagram 21.a
shows the position of the pulses shortly after the stopping of the
search process. Diagram 21,b shows the positior of the pulses -
immediately before the time difference beoomes Ty = 0. -

The syrohrorisation demodulator trarsmits the sycchrornising
pulses (and ro others) to the input ends of both output stages of the
selector unit: the 75 o/s. demodulator obtains the error voltage
of side B, and the regulating voltage stage produces the ocontiruous
voltage for the automatio amplificatior regulation of the B receiver,

: /

4is shoen in "Resume of the Project" the echo reception may have
an undesired amplitude modulation of 30 o/s. Therefore the 75 ¢/s
demodulator of the selector unit has a 75 o/s Pilter which ezsures
& suppressior of the 30 o/s, voltage. Besides, the phase commtators,
wher operated by side B with 75 ¢/s, react ornly very slightly to a
30 ofs. icterference modulation. . . :

. The arode ourrert for the selector unit is supplied by an
alectrorically regulated source in the power unit.

. The selector cirouit reacted reliably to three pulses of a series,
it was extraordinarily ircsensitive to interference and stable in
operation, : ' :

The selector unit design was completely different from the circuit
proposed in BERIA's draft which was copied directly from ap Americen
type (circult with thyratrors), ' o o

_(xiv) Switoh-over Stage o _ -

i The switch-over stage combired the' two-phase amplifier for the
: refererce phase of 30 c¢/s. ard ths switoh-over device, a flip-flop
¢irouit. As mertioned before, the switohing over from the A.side to
the B side is carried out -as sook as the regulating woltage of the
automatic amplification regulatior of the B receiver reaches a certain
value, ‘The regulating voltage supplied by the selector unit must be
large erough, during the switch-over, to guarantee reliable reception
ot the B side. Switching baock to the A side occurs orly if the
voltage falls considerably below the switohing value of the first
switch-over,

. The flip-flop circuit activated a relay which had contaot
_‘switches for the following functions: o

1. switoh-over from the 30 o/s. referecce phase to the 75 ¢/s.
refererce »hase, :

2. switch-over from the 30 c/s. error voltage to the 75 c/s.
error wltage,
SECRET
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3. the autopilot receives a sigral about the completed
"~ - switch-over by means of a commutator switch. (see also

Diagram 8). ‘ ‘

The two-phase amplifier for 30 c/s. had at its input end a
phase-shift lirk for a 90° phase shift, This was followsd by two
amplifier charrels each of which had a power ocutput of about 0,3 W
‘for the supply of the rotating-field phase shift.

(xv) Phase Commutator _

h8 already stated ir "Resume of the Projsct", two 30 c/s.
voltages (as well ss two 75 ¢/s. voltages) were produced by the
. steerirg device or the missile: one of these woltages having a fixed
 phase, or, | ‘the reference phase, and the other 25X1
“ voltage a chargeable phase, the phase and amplitude of which deperds on
the position of the miesile irn.space. Ths phase differerce betwaeen

these two voltages is cornverted irto a D.C. value in the phase
“commtator, N ’ -

. Diagram 22 shows the prircipls of sﬁch‘a phase commtator.

The amplified 30 ¢/s voltage of the changeable phase, the so-called

. error voltage, is transmitted to the transformer "U" which has two

equal windings, I ard II,-or.the. secondary side., /A polarised relay
-‘with a peutral positior ir the centre and two operative positions of
the armature “R" ploces' line "a» to. winding I durirg ore half of the
period, arnd to winding II during the second half of the period., The
- ger.tral,. common point of the secordard differertial wirding adjoins
-line: *b", The winding of the relay, d.6. the operative coil of the

armature, is fed by the reference phase,

. 4 direct ourrent which, as will be shown,:deperds or. the phase
relation of tho two voltages ard the eamplitude of the error voltage,
passes along lines "a" and "b" through the load resistarce "R,".

Diagrams 23 a, b, ¢ and 4 show the resultant curves for various
phase differerces of the reference phase and the phase of the error
" 'voltage. The times of the armature swing-over are showr in the diagram
by mears of vertical broker lires. o

Diagram 23.a shows phdse difference O° which results ir the
meximum positive D.C. Diagram 23.b shows a phase differerce of 90°,
" D«Cu equalling O. ' Diagram 23.a shows a phase difference of 180°, with
‘& maximum negative D.C. Firally, Diegram 23.d shows a phass
- differcroe of 270°, ard the D.C. value is zero. -

Diagrams 23.a, b, ¢ and 4 show that the direct ourrents supplied
by the phase commutator have superimposed upper harmorics of the 30 ¢/s.
" -errorivoltage, These harmornios are filtered out by a low pass filter,
(see Diagram 22), - SRR S S

_ Lo aralysis of the switching process shows thst the D.C. from the

phase commtator changes strictly simusoifally with the phase differerce

of -the referance phase and the phase of the ertor voltage, as shown in

]giag;:d 24 Of course, the amplitude of the error voltage is assumed to
e . . :

If two phase commtators which are identical, but the refererce
phases of which are displaced at 90° ir relation to each other, are used,
a commtator state results, the direct currents of which represert the
coordinntes of the missile in space in accordance with Diagrams 3 ard 5.
There is then arn X commtator and a Y eommtator. The X commutator e. ge
produces direot currents only wher the missile is not on the Y axis,
and vice versa. :
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It should ba stated here that the low paas FIITer behind the 25X1
phase commtators is desigred to have a minimum time constent (chort
transmission time.) However, this is caturally limited by the law
that the time constant depends on the limit frequercy, vig, it is ie
inverse qxi?tio. The autopilot allowed for a fluctuation of th_e D.C.
up to 1!

* . The dependsnoe of the D.C., or the amplitude of thes ervor voltage

during corstart phase difference is of interest. Diagram 25 shows
this deperdence up to 15mA D.C. through a resistance of 1000 Ohm, In
the desigred commitators it was practically lirear.

. The transformer "U® showr ir Diagram 22 is the output trarsformer
“of a push-pull terminal output stage with a 6J6 valve. The prestage
is also equipped with the 6J6, The power output stage emits several
bubdred m, - . SRR .

" The use of relajrd in phase céuuutato_ra'results :u:',dograeé‘of
effectiverness which are practically the same as the theoretically
. possible degrees of effectiveress of tracsforming .i.C. imto D.C.

+8 mectioned earlier, a so-called- polarised relay with the
neutral position ir the centre and two operative positions of the
armature was used, - Wher excited, one of the two ocontacts
was closed, depernding on the directior of the ocurrent in the wirding.
The telegraph relays T rls 65 made by the firm of SIKMENS ard HALSKE
were uged, as they were available, in their original wrappings, ic .
large quantities in the so-called trophy stocks. - The operatioral
output of theso relays was about 504 W. By special adjustmert it was
possible to attain cver lower values, These relays were also used in
the autopilot, : : T

The Russians copied this relay, just like to many-other urits, in
LENINGRAD.

- Similar to all the other urits, the phase commtators too differed
from the desigr given in BERIA's work, where a ving modulator was to act
as. switch. Diagram 26 shows the principle of that circuit,  The
effectiveress of that switoh arrangemenit is much lower, due to the
resistarce of the rectifiers ir the ‘pass directior, '

hs 1is well-knowr, valye circuits too are used for such phase
commtators in radar equipment. Ir future the use of tracsistors may
be advante.gooms.\ . . v , -

hs far as struotural deéigr. of the phase commtetors is ocorserned,
the X commutator ard the Y commtator are placed together on.a cast
iron frame, The commitator unit was construocted, like all the. other

urits, 50 as to be slipped irto place (see "Desigr and Structure of the
Nodela*), ' M . ‘

(xvi) Boteting Field Phese Displocemert Device and 75 o/a. ferial Motor

€a) The phase displacement devioe developed under the name of "rotating
field phase displacement device" was a twoephase device. There are two
separate windings or 1ts lamirated stator and these produce two phase~
displaced fields, at 90° in relation to each other, ir the adjustable
armeatures. ' These two stator windirgs are fed with the two voltages,
“with a phase displacemert of 90° ir relatjon to each Qther, from the
two-phase amplifier, or by the two wltages, with a phase displacement
of 900 in relation to each other, from the 75 c/s. motor. Or the
~ armature there were also two wirdings at right engles to eaoh other acd
ir which two woltages, with a phasc displacement of 90° ir relatiorn to

.~ SECRE?.
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each othor, were induced. The armature could be turned between O°
exd 360°.  Or the armaturs axle there were two switches, one for each
phass, A precision of less than * 1° was achioved ir the coircidirg of
armature turning argle ard the phase of the voltage output,

. The output taker from the phase displacemernt device was about
70ml pzr)phaae (12 v or 2000 Ohm impedance of the polarised relays
T rls 65).

The dimersions of the pbaae displacement device were: diameter

about 50 mm., length about 70 mm, The first samples of these phase

"~ displecement devices made by modifying rotating field instruments of
: appropria.te dimer.sior.a from trophy stocks.

(b) The 75 c/s. aerial motor was the usual type of German

. certrifugally regulated small motor with which the geterator for the
75 ¢/s. reference phaseswas directly coupled. The aerisl motor had ac
output of about 4 W. The generator coupled to it supplied the rotating
field phaae displacemert device with refererce phases of about 200Mm7.

- - The aerial motor had a- diameter of about 50 mm. and, together with
the gererator, was 120 sm. long. The number of r.Pe«&+ revolutions
was kept constant with an accura.cy of about ¥ 1% by a certrifuaal
. g:vornor. R
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